Here we study genetic differentiation and changes over time in genetic variability in the rare pine marten Martes martes. Samples from three isolated geographic regions: Jutland and Sealand (Denmark) and southern Scania (southernmost Sweden), were genotyped by sequencing the hypervariable domain of the mitochondria control region. Both recent and museum samples were analysed in order to evaluate any temporal loss of genetic variability. Eight haplotypes were found. Two were main haplotypes shared by individuals from all three regions, and in all localities unique haplotypes were found. When comparing the data with previous haplotype analysis, our results suggest that at least three different haplotype groups exist in central and Northern Europe, with the samples from southern Scania being differentiated from samples previously analysed from central Sweden, and the genotypic data for Jutland and Sealand suggest a recent independent evolutionary history for the Danish pine marten.
Introduction
The pine marten Martes martes is distributed throughout Europe, but it has been subject to long-term decline in numbers in most regions (Mitchell-Jones et al., 1999) . Subfossil records show that the pine marten has lived in Denmark for the last 9500 years, and it is believed to have invaded the country 11 000 years ago when the area was recolonized after the latest ice age (Aaris-Sørensen, 2007; Madsen et al., 2007) . At present, it is listed as rare on the national Red List (Stoltze & Pihl, 1997) . The pine marten is a habitat specialist confined to mature deciduous and coniferous forests (Domingo-Roura, 2002) , has a limited dispersal ability compared with other mustelids (Kyle, Davis & Strobeck, 2000) and a slow reproduction rate, rendering it particularly vulnerable to habitat change (Bright, 2000) . Over the last century, the landscape in Denmark has undergone substantial changes. Today, it consists of large areas of open, cultivated land with a few widely dispersed fragments of natural habitat (see Caspersen, 2001 ). Habitat destruction and deterioration due to fragmentation are supposed to be the main cause of the decline of the pine marten in the last century (Degn & Jensen, 1977) .
Population declines have been observed in several mustelids in Denmark from the early 1960s, for example, Eurasian badger Meles meles (Pertoldi et al., 2005) , weasel Mustela erminea and stoat Mustela nivalis (Pertoldi et al., 2006a) , polecat Mustela putorius (Pertoldi et al., 2006b ) and the Eurasian otter Lutra lutra (Pertoldi et al., 2001) . The reasons for this general decline seem to be associated mainly with the intensification of agricultural practices, and consequent habitat fragmentation, increasing sharply from the beginning of the 1960s (Caspersen, 2001; Pertoldi et al., 2006a) .
We hypothesized that the documented decline in population size, together with habitat fragmentation, would be reflected in (1) genetic differentiation between geographic regions and (2) changes in genetic variability over time within geographic regions. The spatial differentiation hypothesis was tested using samples from three isolated geographical regions: the Jutland peninsula (J) and Sealand island (S) from Denmark and the Swedish peninsula (L). The hypothesis of temporal loss of genetic variability was tested by comparing historical and recent samples from the two geographical regions (J and S).
Material and methods

Area of study and samples
The samples are from three geographically distinct areas separated by the sea (Jutland -Peninsula; Sealand -Island and southern Scania-southernmost Sweden). These areas were connected during and after the last glaciation (Pleistocene) until c. 8000 years ago, thus allowing dispersal and migration of Ma. martes between them during a period of c. 1500-3000 years of the post glacial period. A total of 84 samples from both recent (after 1966) and historical (before 1966) specimens were used in the genetic analyses plus one haplotype from GenBank (accession number AF336968): 52 samples came from Jutland, 26 from Sealand and six from southern Scania (Table 1 ). The haplotypes described by Davison et al. (2001) for Ma. martes (Hap. a, b, d, l, m, o and u) from Germany, the Netherlands and the central part of Sweden were used for determining any similarity of these samples to those of our three regions of study.
DNA extraction protocols
Tissues and blood samples Genomic DNA was extracted from 77 tissue or blood pine marten samples using the following salting-out procedure described briefly in the following paragraph. Two hundred microliters of blood was resuspended in 1 mL of red cell lysis buffer (RCLB, 10 mM Tris-HCl, 5 mM MgCl 2 , 10 mM NaCl) and centrifuged at 2500g. Pellets were resuspended in 300 mL of white cell lysis buffer (10 mM Tris-HCl, 10 mM EDTA, 50 mM NaCl) and incubated for 2 h with 10 mL of proteinase K (10 mg mL -1 ) and 5 mL of SDS 10% at 56 1C. To precipitate proteins, 170 mL of sodium acetate 3 M was added and samples were spun at 10 000g. Five hundred microliters of isopropanol was added to the supernatant containing DNA and the sample was centrifuged at 15 000g to precipitate DNA. Pellets were then washed with 300 mL of 70% ethanol and resuspended in 200 mL of low TE (Tris 10 mM/EDTA 0.1 mM). For tissues, the same procedure was followed, except that the RCLB lysis step was omitted.
Museum samples
From the historical samples before 1966 (n = 15) (range: 1951-1966) , DNA was extracted from hair samples using standard chloroform/CTAB extraction, and from teeth using microconcentrators (Nielsen, Hansen & Loeschcke, 1999; Pertoldi et al., 2001) . Material from teeth was obtained by removing a canine tooth and drilling out the root using a 2 mm drill. Approximately 0.15 g of tooth and tooth root were collected and used for DNA extraction following the procedure of Pertoldi et al. (2006a) . The drill was sterilized by heating following each collection of tooth root, in order to avoid cross contamination. Extractions of DNA from recent tissue samples were not conducted in the laboratory during the same time period as work on historical samples, and polymerase chain reaction (PCR) reagents were exposed to UV radiation in a UV cross-linker in order to degrade possible contaminating DNA (see Pertoldi et al., 2001) . DNA from museum samples was isolated under sterile and non-contaminating conditions (i.e. in a special laboratory available for degraded DNA samples); therefore, the contact between recent and ancient samples and DNA was avoided during all the processes.
Control region (CR) amplification and sequencing
Tissues and blood samples
Around 350 bp of the hypervariable domain of CR was amplified by PCR using primers LRCB1 (Davison et al., 2001 ) and H16498 (Shields & Kocher, 1991) . PCR reactions were carried out in 10 mL of final volume and 1 mL of DNA extract, using standard Taq 
Museum samples
A first round of amplification was performed in 20 mL of final volume and 5 mL of DNA extract, using the same protocol as above, except that 2.5 mM MgCl 2 was used and the concentration of each reagent was doubled in the reaction mix. Forty cycles of the above thermal profile were applied. A second round of amplifications was performed using 2 mL of PCR reactions from the first round and the internal primer LRCB3 (Davison et al., 2001 ) coupled with H16498. The same reaction mix and thermal profiles as for the first round were used. Single, clean bands were obtained from PCR reactions.
Sequencing PCR products were purified using EXO-SAP IT (USB, Cleveland, OH, USA) and sequenced using the BigDye Terminator Kit V1.1 (Applied Biosystems, Foster City, CA, USA) and primer LRCB3. Fragments were electrophoresed on an AB310 genetic analyser; electropherograms were aligned and visually inspected using SeqScape 2.5 (Applied Biosystems) software for a final sequence fragment of 242 bp.
Sixty-nine out of 77 tissue blood -1 samples were successfully amplified and sequenced. Forty-three DNA samples from museum specimens were subjected to two rounds of amplifications and 15 samples were sequenced successfully. 
Analyses
Identical haplotypes among the sequences were determined using the Collapse tool -Collapse ver. 1.1. (Posada & Crandall, 1998) A mitochondrial genealogical relationship network was constructed using TCS ver. 2.1 (Clement, Posada & Crandall, 2000) .
Results
Eight haplotypes were found in the present work (including that from GenBank). Two of them were the main haplotypes that are shared by individuals from Jutland, Sealand and southern Scania. Within regions, four haplotypes were found in Jutland, four in Sealand and three in southern Scania. Jutland had two unique haplotypes; Sealand had two unique haplotypes, one of which belongs to a museum specimen; and finally southern Scania had one unique haplotype (see Fig. 1 ). For the fragment of CR used in our work (242 bp), the Hap. a, b and u described by Davison et al. (2001) are shared with our main haplotype (Hap. 1), the Hap. d is shared with our second most common haplotype (Hap. 6) and the Hap. m is shared with our Hap. 7, which is exclusive for southern Scania in our samples.
Southern (Davison et al., 2001) were not significant between southern Scania and these three countries, but interestingly the F ST value was 0.194 with a quasi-significant P-value (P = 0.062) between southern Scania (Sweden) in our study and central Sweden in the study of Davison et al. (2001) .
The mitochondrial genealogical relationship net constructed using TCS ver. 2.1 shows a network of the distinct haplotypes, which is depicted in Fig. 2 .
Discussion
Relatively low values of H d and p were found in general both for Jutland and for Sealand, although southern Scania had the highest values in spite of the low number of recent samples and no ancient samples. The p value of southern Scania (p = 0.0102) is one order of magnitude higher than for the other two regions and it is comparable to the average nucleotide diversity found by Davison et al. (2001) for the pine marten (0.013, SD = 0.001). The p values for Jutland and Sealand are quite similar to the p found for the Danish polecat Mu. putorius by Pertoldi et al. (2006b) (p = 0.00274) and are relatively small compared with estimates obtained for other carnivores, as for example the sea otter Enhydra lutris with p = 0.098 (Larson et al., 2002) , the Steller sea lion Eumetopias jumbatus with p = 1.7 (Bickham, Patton & Loughlin, 1996) or the dog Canis familiaris with p = 1.30 (Randi et al., 2000) . The H d found for Jutland and southern Scania is quite similar to the H d found for the Danish polecat by Pertoldi et al. (2006b) (H d = 0.876), but they are higher than the H d found for the European mink Mustela lutreola with H d = 0.469 (Michaux et al., 2005) , the sea otter Figure 2 Network of haplotypes in a total of 85 sequences from a fragment of the control region of Danish pine martens Martes martes (242 bp). Six haplotypes described by Davison et al. (2001) are also depicted in the figure. J, Jutland; S, Sealand; L, southern Scania/S. Sweden; GB, GenBank sequence (AF336968); 1837, ID of one ancient specimen from Sealand. The circle is proportional to the frequency of the haplotype. The black circle indicates a lost ancestral or nonsampled haplotype. × Haplotypes from Davison et al. (2001) .
with H d = 0.412 (Larson et al., 2002) , the Eurasian otter L. lutra with H d = 0.16 (Ferrando et al., 2004) or the dog with H d = 0.76 (Randi et al., 2000) .
It was not possible to see genetic structure in the genealogical relationships, probably due to the low mitochondrial diversity observed for this species, and for Mustelids in general, and due to a rapid recolonization or successive waves of colonization after the last Pleistocene glaciation. As suggested by Davison et al. (2001) , this species probably survived in one single refuge where some haplotypes were predominantly present and others were rarer. At the end of the last ice age, the most common haplotypes recolonized all Europe and the rarest ones were dispersed all over this region following stochastic processes. It is for this reason that presently these haplotypes are not equally distributed but rather present a random distribution. A recent expansion process, after a period with reduced population size, could explain the combination of high H d and low p (Stamatis et al., 2004) . A period of reduced population size could also explain the presence of a 'ghost' unique haplotype from an ancient specimen (1837; see Table 1 ) in Sealand.
F ST values, based on microsatellite data, within and between Jutland and Sealand regions were found to be relatively high in both ancient and recent samples (Pertoldi et al., 2008) . The differentiation in F ST values is also reflected at the mitochondrial level by the F ST values, supporting the historical differentiation between the three regions of study.
If the F ST value (marginal-significant) obtained for southern Scania versus central Sweden depended on the number of samples from southern Scania, this could mean that southern Scania and central Sweden are differentiated, and that the haplotypes from Lund are more related to those from Germany and the Netherlands than to those from Sweden. However, given the relatively small sample size of southern Scania (n = 6), the values of F ST should be considered very cautiously. Hence, in this scenario, our results suggest that at least three different haplotype groups exist in central and northern Europe, probably as a consequence of a leptokurtic dispersal following recolonization after the last glaciation from different European refugia, or due to fragmentation and isolation processes as has been proposed for other mustelids (Ibrahim, Nichols & Hewitt, 1996; Davison et al., 2001) . Unfortunately, the limited values of H d found for the Danish pine marten populations are limiting the kind of analyses (e.g. mismatch distribution and coalescent approaches) that would have allowed a deeper insight into their demographic history.
